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57 ABSTRACT 

A large-sized columnar body made of a fiber reinforced 
plastics materials (FRP) has three layers A, B and C in this 
order, respectively formed by a fiber reinforced plastics 
material consisting of continuous fibers and a resin, wherein 
the reinforcing fibers of the layer B are carbon fibers 
arranged in the longitudinal direction of the columnar body 
and that the reinforcing fibers of the layers A and C are 
carbon fibers and/or glass fibers arranged at +50 to +70 
degrees with respect to the longitudinal direction of the 
columnar body. The large-sized columnar body made of FRP 
has a high compressive Strength and hence can be lighter 
than conventional large-sized columnar bodies. Hence, it is 
Suitable as a primary Structural member used in buildings, 
Structural components, aircraft, Ships, and the like. 

9 Claims, 1 Drawing Sheet 
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LARGE-SCALE COLUMNAR STRUCTURE 
MADE OF A FIBER REINFORCED PLASTIC 

This application is based on International Application 
No. PCT/JP97/01629, filed May 15, 1997. 

TECHNICAL FIELD 

The present invention relates to a large-sized columnar 
body made of a fiber reinforced plastics material (hereunder 
abbreviated as FRP) consisting of reinforcing fibers and a 
resin, used as a primary Structural member in buildings, 
Structural components, aircraft, Ships, etc. 

BACKGROUND ARTS 

A large-sized columnar body typically used as a mast of 
a racing yacht is required to have light weight, high rigidity 
and high Strength, for Securing the high Speed Stability, 
maneuverability and Safety of the boat. In addition, aerody 
namically for the necessity of high air releasability, a large 
sized columnar body with a simple circular croSS Section is 
insufficient, and a large-sized columnar body with an ellip 
Soidal croSS Section or with a specific Streamlined croSS 
Section Selection of which is based on wind tunnel experi 
ments is demanded. 
A long and large columnar body generally called a pole 

must be tapered for the necessity of weight balance in the 
longitudinal direction. 
AS large-sized columnar bodies to meet these demands, 

those made of FRP are attracting attention in recent years, 
and are proposed in (1) Japanese Patent Laid-Open (Kokai) 
No. 57–60989, (2) Japanese Patent Laid-Open (Kokai) No. 
59-63289, (3) Japanese Patent Laid-Open (Kokai) No. 
4-255306, etc. 

(1) Japanese Patent Laid-Open (Kokai) No. 57–60989 
discloses a technique to reinforce the rigidity of a mast of a 
Sling boat by letting the mast have a reinforcing portion 
Swelling outside at least in either bow or Stern direction. 
Furthermore, the patent gazette discloses a structure in 
which layers oriented in directions of +20 to +70 degrees 
with respect to the longitudinal axis of the mast are formed 
inside the reinforcing portion, for the purpose of improving 
the torsional rigidity of the mast. 

(2) Japanese Patent Laid-Open (Kokai) No. 59-63289 
discloses a mast made of FRP for Surfing with a hollow 
cylindrical Structure in which an intermediate layer 
with glass fibers and reinforcing fibers with a modulus 
higher than that of glass fiberS is held between layers 
with glass fibers as reinforcing fibers. 

(3) Japanese Patent Laid-Open (Kokai) No. 4-255306 
discloses a large-sized columnar body in which two shells 
prepared by laying up unidirectional prepreg Sheets consist 
ing of carbon fibers and an epoxy resin are bonded in the 
longitudinal direction to form an integral Structure. 

In the meantime, FRP is low in compressive strength as 
compared with tensile Strength, unlike metallic materials, 
and for this reason, when FRP is used as a large-sized 
columnar body, how to highly manifest the compressive 
strength of FRP is a key issue to achieve weight reduction. 
In other words, in most cases, the compressive Strength 
decides the weight of a large-sized columnar body. 

While all of the above patent gazettes (1) to (3) relate to 
large-sized columnar bodies made of FRP with light weight 
and high performance, the patent gazette (3) only describes 
that it is desirable to let a layer of 0 degree in fiber 
orientation degree account for 50% or more or, as required, 
to lay up a 45-degree layer or 90-degree layer in 
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2 
combination, as a means for improving the compressive 
Strength of a large-sized columnar body. 
The object of the present invention is to provide a 

large-sized columnar body made of FRP improved in com 
pressive Strength, and with lighter weight and higher Safety. 

DISCLOSURE OF THE INVENTION 

The present invention relates to a large-sized columnar 
body made of a fiber reinforced plastics material, which has 
three layers A, B and C respectively formed by a fiber 
reinforced plastics material consisting of continuous fibers 
and a resin, characterized in that the reinforcing fibers of the 
layer B are carbon fibers arranged in the longitudinal 
direction of the columnar body, and that the reinforcing 
fibers of the layers A and Care carbon fibers and/or glass 
fibers arranged at +50 to +70 degrees with respect to the 
longitudinal direction of the columnar body. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a Schematic drawing showing an embodiment of 
the large-sized columnar body made of a fiber reinforced 
plastics material of the present invention. 1 . . . large-sized 
columnar body 2... layer A3... layer B4... layer 
C 

MOST PREFERRED EMBODIMENTS OF THE 
INVENTION 

It is preferable that the large-sized columnar body of the 
present invention, as typically used as a mast of a yacht, has 
a length of about 1 m to 20 m and a width or thickness (the 
diameter of the largest circumscribed circle of cross Section) 
of 30 mm to 1000 mm. 

The cross Sectional form of the large-sized columnar body 
can be various, for example, circular, ellipsoidal, triangular, 
oval or like a streamlined blade, and may have open holes 
and neck portions for connecting other parts. It is preferable 
that the croSS Section is hollow. 

The reinforcing fibers of the layer B must be continuous 
carbon fibers to keep the large-sized columnar body lighter 
in weight. 

In general, as the carbon fibers, mainly PAN based carbon 
fibers made from polyacrylonitrile or pitch based carbon 
fibers are used. The carbon fibers in the present invention 
can be either PAN based carbon fibers or pitch based carbon 
fibers. It is preferable that the carbon fibers have a modulus 
of 200 GPa to 700 GPa and a strength of 1 GPa to 10 GPa. 
The continuous fibers are usually long fibers with a fiber 
length of 1 m or more. 
The resins which can be used here include thermosetting 

resins Such as epoxy resins, vinyl ester resins, unsaturated 
polyester resins, phenol resins, polyimide resins and poly 
urethane resins, thermoplastic resins Such as polyethylene 
resins, nylon resins, polypropylene resins, polyamide resins, 
ABS resins, polybutylene terephthalate resins, polyacetal 
resins and polycarbonate resins, etc. For enhancing the 
compressive Strength of the large-sized columnar body, a 
resin with a modulus of 3 GPa or more is preferable. The 
modulus of a resin in this case is measured according to JIS 
K 7113. 

When a large and long columnar body is used in contact 
with Sea water like a mast of a Sailing boat or yacht, etc., it 
is preferable to use a vinyl ester resin or polyester resin 
excellent in corrosion resistance, or a resin mainly com 
posed of it. 

It is preferable that the weight fraction of the reinforcing 
carbon fibers in the resin is 45% to 85%, for more highly 
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manifesting the Strength and modulus of the reinforcing 
fibers in the resin. If the fraction is less than 45%, the amount 
of resin is too much to obtain the effect of weight reduction, 
and if more than 85%, the resin is not sufficiently diffused 
around the fibers, So that the StreSS transfer efficiency 
between fibers is lowered. Having regard to processability, 
it is more preferable that the weight fraction of the reinforc 
ing carbon fibers in the resin is 55% to 75%. 

It is also preferable that the carbon fibers are treated on the 
Surfaces or contain a sizing agent for better adhesion to the 
resin. 

Ideally it is preferable that the continuous carbon fibers in 
the layer Bare arranged in the longitudinal direction of the 
large-sized columnar body, but actually if they are arranged 
within its degrees with respect to the longitudinal axis of the 
large-sized columnar body, there is no problem. 

If the large-sized columnar body is a mast of a Sailing boat 
or yacht, it must have a certain rigidity for higher maneu 
verability. Hence, it is preferable that the carbon fibers of the 
layer B have a modulus of 350 GPa or more. 

If the layer B is arranged more outwardly of the colum 
nar body, the bending rigidity of the columnar body 
increases. If it is necessary to further enhance the bending 
rigidity, the croSS Sectional form of the columnar body can 
be modified as far as the aerodynamic drag, etc. are not 
lowered. For example, the wall thickness can be increased to 
increase the geometrical moment of inertia around the axis 
requiring the rigidity, or as Stated in Japanese Patent Laid 
Open No. 57–60989, reinforcing protrusions can also be 
provided. 

It is important that the Alayer 2 and the Clayer 4 exist 
inside and outside the Blayer 3 respectively adjacently to 
the Blayer 3. 

The layers A and C contain continuous carbon fibers 
or glass fibers, and the fibers are arranged in directions of 
+50 to +70 degrees with respect to the axis of the large-sized 
columnar body. This is intended to support the layer B 
from both sides, to enhance the compressive Strength of the 
layer B. If the orientation angles are smaller than +50 
degrees, delamination from the layer B occurs, and if 
larger than 70 degrees, the Supporting layerS must be 
thicker, to increase the weight of the large-sized columnar 
body. A more preferable angle range is ti55 to t75 degrees, 
and the most preferable angles are about t60 degrees. 

Japanese Patent Publication (Kokoku) No. 57–60989 dis 
closes a technique in which layers with fibers arranged in 
directions of +20 to +70 degrees are formed inside a 
reinforcing portion provided to Swell in the bow or Stem 
direction in a cylindrical mast for the purpose of improving 
the torsional rigidity. In the present invention, the existence 
of the reinforcing portion is not necessarily required, and 
layers with continuous fibers arranged in directions of +50 
to t70 degrees exist inside and outside the 0-degree layer 
(layer B), to enhance the compressive strength of the 
0-degree layer and furthermore to enhance the compressive 
Strength of the large-sized columnar body. 

In the present invention, it is preferable that the thickneSS 
ratio of the layer B to the layer A (IB):A) and the 
thickness ratio of the layer B to the layer IC (IB):IC) are 
1:0.05 to 1:0.4. If the ratio is less than 1:0.05, the above 
mentioned effect of Supporting the layer B is not 
remarkable, and if more than 1:0.4, the weight increases So 
that the effect of reducing the weight of the large-sized 
columnar body is lowered, although the Supporting effect is 
Sufficient. Having regard to the balance between the Sup 
porting effect and the weight reduction effect, it is preferable 
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4 
that B:A and B: and Care 1:0.1 to 1:0.3. It is of course 
not necessary that the thickness of A is equal to that of C), 
but having regard to Symmetry, it is preferable that both the 
thicknesses are almost equal. 

It is further more preferable that the layer A or C is a 
biaxially fiber oriented layer in which the same quantities of 
fibers are arranged in the + direction and the - direction in 
the layer. For example, the layer A or C can be a layer 
with respectively one or more prepreg Sheets arranged at 
+0050 degreess 0s 70 degrees), or +0 sheets (50 
degreess0s 70 degrees) formed simultaneously by FW, or 
cloth sheets arranged in two directions (directions of +50 to 
+70 degrees). 

Therefore, strictly, each of the layer A and the layer C 
can be said to be a mono-layer or multi-layer in which 
continuous reinforcing fibers are arranged within a range of 
t50 degrees to 70 degrees regularly or irregularly. 
Of course the +0 sheet and the -0 sheet of the multi-layer 
A and/or the multi-layer Care not required to be equal in 
quantity, but having regard to Symmetry, it is preferable that 
the t0 sheets are almost equal in quality. 

If the large-sized columnar body is a mast of a Sailing boat 
or yacht, it is effective that the orientation angle is +50 to 
+55 degrees for letting the layer A or C have the effect 
of enhancing the torsional rigidity of the large-sized colum 
nar body. It is more preferable that with the thickness ratio 
of the layer A or C kept Small, for example, tak5-degree 
sheets are provided adjacently to the layer A or C, to 
enhance the torsional rigidity of the large-sized columnar 
body. 

The reinforcing fibers of the layer A or C are carbon 
fibers or glass fibers. In the case of carbon fibers, PAN based 
or pitch based carbon fibers are preferable, as in the layer 
B, and in the case of a large-sized columnar body, carbon 

fibers with a modulus of 300 GPa or more are preferable 
Since the torsional rigidity of the large-sized columnar body 
can be enhanced. 
As the glass fibers, fibrous glass with silicon oxide (SiO2) 

as the main component Such as Eglass, C glass or S glass 
can be preferably used, and it is preferable that the fiber 
diameter is about 5 to 20 lum. Furthermore, in the present 
invention, Eglass with higher universality or S glass with 
higher Strength is preferable. It is desirable that, as is also the 
case for carbon fibers, the glass fibers are treated on the 
Surfaces or contain a sizing agent for higher compatibility 
with the resin. 

Japanese Patent Laid-Open (Kokai) No. 59-63289 dis 
closes a mast for Surfing, in which both the inner and outer 
layers are formed by glass fibers while the intermediate layer 
is reinforced by combining glass fibers and fiberS higher in 
modulus than glass fiberS Such as carbon fibers. According 
to the patent gazette, the intermediate layer contains glass 
fibers, and furthermore the fibers of the intermediate layer 
are arranged at 8 to 30 degrees. Hence, the technique is not 
Sufficiently able to enhance the compressive Strength of a 
large-sized columnar body. Moreover, the glass fibers 
arranged on both sides of the intermediate layer are used for 
keeping the bending rigidity of the mast lower than that 
achieved by using carbon fibers, but the layers A and C 
of the present invention are used for enhancing the com 
pressive strength of the layer B used as an intermediate 
layer. 

Japanese Patent Laid-Open (Kokai) No. 4-255306 dis 
closes a large-sized columnar body, in which unidirection 
ally parallel prepreg Sheets consisting of high performance 
carbon fibers and an epoxy resin, of 50 to 70% in fiber 



5,996,521 
S 

content by volume and a ratio of 50% or more in fiber 
orientation of 0-degree are laminated and molded in the 
longitudinal direction by an outer mold into two shells to be 
integrated into the columnar body by bonding in the longi 
tudinal direction In the present invention, unlike the above 
technique, it is not necessary to split the columnar body into 
two shells to be integrated. On the contrary, Splitting into 
two shells is not preferable since it cuts the fibers, thus 
remarkably lowering the compressive Strength of the large 
sized columnar body. Furthermore, the patent gazette pro 
poses the use of a 0-degree layer and a 45-degree layer or 
90-degree layer in combination as a method for enhancing 
the compressive Strength considered to be remarkably low 
ered by Splitting into two shells. In addition, in the present 
invention, in addition to the layers A and C with fibers 
arranged in a range of its 0 to t70 degrees, a 45-degree layer 
can be used for enhancing the torsional rigidity or a 
90-degree layer can be used for enhancing the Strength and 
rigidity in the diameter direction of the large-sized columnar 
body without any problem. 

The present invention has been described, mainly con 
sidering the application as a mast of a Sailing boat or yacht. 
However, the effect of the present invention can be mani 
fested also as primary Structural members used in buildings 
(columns and poles of office buildings, dwelling houses, 
cottages, etc., Supports of pedestals and benches, etc.), 
Structural components (electric wire poles, Street lamp poles, 
Supports of Signs, displays, guard rails, etc., Shafts and shaft 
covers for oil drilling, pipelines for transporting fluids Such 
as oil and gas, poles of wind power generators, etc.), other 
poles (poles for Sports Such as volley ball and high jump), 
and aircraft, hulls, etc. 

For forming into the large-sized columnar body of the 
present invention, any the publicly known forming method 
can be used. The forming methods which can be used here 
include, for example, filament winding (FW), sheet winding, 
sheet lay-up, sheet Wrapping, tape Winding, tape Wrapping, 
hand lay-up, sheet molding process (SMC), Stamping 
molding, resin injection, pultrusion, pull wind process, Scrip 
process, etc. In the forming into the large-sized columnar 
body, it is preferable to form the A, B and C layers 
integrally all at once, but if it is thick, multi-step (sequential) 
forming can be effected. As a further alternative method, 
layerS formed Separately can be bonded. 

EXAMPLE 1. 

Around a steel mandrel with a diameter of 70 mm, sixteen 
epoxy resin prepreg Sheets (respectively with a thickness of 
145 um and an areal fiber unit weight of 150 g/m) in which 
carbon fibers T700S (with an ultimate strain of 2.0%, 
modulus of 230 GPa and diameter of 7um) made by Toray 
Industries, Inc. were arranged in one direction were wound. 
In this case, the Sixteen sheets were arranged, to Specify 
from the mandrel Side, as one sheet in 60-degree direction, 
one sheet in -60-degree direction, twelve sheets in 0-degree 
direction, one sheet in -60-degree direction and one sheet in 
60-degree direction. They were hardened in an oven with 
130° C. as the highest temperature for 2 hours, to obtain a 
large-sized columnar body with a lay-up configuration of 
60/-60/0/-60/60) and a wall thickness of 2.32 mm. The 
ratio of the t00-degree sheets (on one side) to the 0-degree 
sheets was 0.17. 

Both the ends of the large-sized columnar body were 
adhesively bonded to Steel cylinders, to conduct a compres 
Sion test at a gauge length of 200 mm. The compressive 
Strength was as shown in Table 1. 
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EXAMPLE 2 

A large-sized columnar body was obtained as described in 
Example 1, except that 50-degree sheets were used instead 
of the 60-degree sheets and that -50-degree sheets were used 
instead of the -60-degree sheets. The result of a compres 
Sion test conducted as described in Example 1 was as shown 
in Table 1. 

EXAMPLE 3 

A large-sized columnar body was obtained as described in 
Example 1, except that 70-degree sheets were used instead 
of the 60-degree sheets and that -70-degree sheets were used 
instead of the -60-degree sheets. The result of a compres 
Sion test conducted as described in Example 1 was as shown 
in Table 1. 

EXAMPLE 4 

A large-sized columnar body with a wall thickness of 2.90 
mm was obtained as described in Example 1, except that the 
lay-up configuration was (60)/(-60)/02/(-60)/(60) 
formed by using four 60-degree sheets and four -60-degree 
sheets. The result of a compression test conducted as 
described in Example 1 was as shown in Table 1. 

EXAMPLE 5 

A large-sized columnar body with a wall thickness of 2.90 
mm was obtained as described in Example 1, except that the 
lay-up configuration was 60/(-60)/01/(-60)/60 formed 
by using two 60-degree sheets and Six -60-degree sheets. 
The result of a compression test conducted as described in 
Example 1 was as shown in Table 1. 

EXAMPLE 6 

A large-sized columnar body with a wall thickness of 1.94 
mm was obtained as described in Example 1, except that the 
prepreg sheets used for the 60-degree sheets and -60-degree 
sheets respectively had a thickness of 25 um and an areal 
fiber unit weight of 25 g/ml. The result of a compression test 
conducted as described in Example 1 was as shown in Table 
1. 

EXAMPLE 7 

A large-sized columnar body with a wall thickness of 2.08 
mm was obtained as described in Example 1, except that 
respectively two prepreg Sheets respectively with a thickness 
of 25 um and an areal unit weight of 25 g/m (four sheets in 
total) were used instead of the one 60-degree sheet and the 
one -60degree sheet corresponding to the layer C. The 
result of a compression test conducted as described in 
Example 1 was as shown in Table 1. 

COMPARATIVE EXAMPLE 1. 

A large-sized columnar body was obtained as described in 
Example 6, except that 45-degree sheets were used instead 
of the 60-degree sheets and that -45-degree sheets were used 
instead of the -60-degree sheets. The result of a compres 
Sion test conducted as described in Example 6 was as shown 
in Table 1. 

COMPARATIVE EXAMPLE 2 

A large-sized columnar body was obtained as described in 
Example 6, except that 85-degree sheets were used instead 
of the 60-degree sheets and that -85-degree sheets were used 
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instead of the -60-degree sheets. The result of a compres 
Sion test conducted as described in Example 6 was as shown 
in Table 1. 

EXAMPLE 8 

A large-sized columnar body with a wall thickness of 1.94 
mm was obtained as described in Example 1, except that the 
diameter of the mandrel was 40 mm. The result of a 
compression test conducted as described in Example 1 at a 
gauge length of 150 mm was as shown in Table 2. 

COMPARATIVE EXAMPLE 3 

A large-sized columnar body with a wall thickness of 1.94 
mm was obtained as described in Example 8, except that 
85-degree sheets were used instead of the 60-degree sheets 
and that -85-degree sheets were used instead of the -60 
degree sheets. The result of a compression test conducted as 
described in Example 8 was as shown in Table 2. 

EXAMPLE 9 

Around a steel mandrel with a diameter of 70 mm, a 
strand (consisting of 12000 filaments) of carbon fibers 
T700S (with an ultimate strain of 2.0%, modulus of 230 GPa. 
and diameter of 7 um) produced by Toray Industries, Inc. 
impregnated with phenol resin was wound in a configuration 
of+60/30/+60), and hardened in a 130 C. oven, to obtain 
a large-sized columnar body with a wall thickness of 2.32 
mm. The ratio of the +60-degree sheets (on one side) to the 
0-degree sheets was 0.15. 

Both the ends of the large-sized columnar body were 
adhesively bonded to Steel cylinders, and a compression test 
was conducted at a gauge length of 200 mm. The compres 
sive strength was as shown in Table 3. 

EXAMPLE 10 

A large-sized columnar body with a wall thickness of 2.46 
mm was obtained as described in Example 9, except that the 
t60-degree sheets were formed by a strand (consisting of 
6900 filaments) of glass fibers (with a modulus of 70 GPa. 
and diameter of 13 um). The result of a compression test 
conducted as described in Example 9 was as shown in Table 
3. 

COMPARATIVE EXAMPLE 4 

A large-sized columnar body with a wall thickness of 2.32 
mm was obtained as described in Example 9, except that 
t88-degree sheets were used instead of the t60-degree 
sheets. The result of a compression test conducted as 
described in Example 9 was as shown in Table 3. 

TABLE 1. 

Compression test results of sheet-wound large-sized columnar bodies 
with an inner diameter of 70 mm 

Orientation Layer 
angle (degrees thickness ratio Compressive load 

A B C B: A BC kN 

Example 1 60 O 6O 1:0.17 1:0.17 4.53 
Example 2 50 O SO 1:0.17 1:0.17 4.30 
Example 3 7O O 7O 1:0.17 1:0.17 4.24 
Example 4 60 O 6O 1:0.33 1:0.33 4.58 
Example 5 60 O 6O 1:0.33 1:0.33 4.37 
Example 6 60 O 6O 1:0.06 1:0.06 4.14 
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TABLE 1-continued 

Compression test results of sheet-wound large-sized columnar bodies 
with an inner diameter of 70 mm 

Orientation Layer 
angle (degrees thickness ratio Compressive load 

A B C Bl:A B:C kN 

Example 7 60 O 6O 1:0.17 1:0.06 4.19 
Comparative +45 O +45 1:0.06 1:0.06 3.7O 
Example 1 
Comparative +85 O 85 1:0.06 1:0.06 3.75 
Example 2 

TABLE 2 

Compression test results of sheet-wound large-sized columnar bodies 
with an inner diameter of 40 mm 

Orientation Layer 
angle (degrees thickness ratio Compressive load 

A B C Bl:A B:C kN 

Example 8 60 O 6O 1:0.17 1:0.17 3.50 
Comparative +85 O 85 1:0.17 1:0.17 3.24 

TABLE 3 

Compression test results of filament-wound large-sized columnar 
bodies (with an inner diameter of 70 mm 

Orientation Layer 
angle (degrees thickness ratio Compressive load 

A B C Bl:A B:C kN 

Example 9 60 3 +6O 1:0.15 1:0.15 4.35 
Example 10 60 3 6O 1:0.19 1:0.19 4.38 
Comparative +88 +3 +88 1:0.15 1:0.15 4.01 

INDUSTRIAL APPLICABILITY 

AS described above, the large-sized columnar body made 
of a fiber reinforced plastics material of the present inven 
tion has at least three adjacent layers A, B and C 
respectively formed by a fiber reinforced plastics material 
consisting of continuous reinforcing fibers and a resin. The 
reinforcing fibers of the layer B are carbon fibers arranged 
in the longitudinal direction of the columnar body, and the 
reinforcing fibers of the layers A and Care carbon fibers 
or glass fibers arranged at t50 to t70 degrees with respect 
to the longitudinal direction of the columnar body. Thus, the 
large-sized columnar body has a high compressive Strength, 
and hence can have a weight lighter than those of conven 
tional large-sized columnar bodies. 
We claim: 
1. A large-sized columnar body made of a fiber reinforced 

plastics material, comprising three layers A, B and C in this 
order, each layer being formed of a fiber reinforced plastics 
material comprising continuous fiber and a resin, 

wherein the reinforcing fibers of layer B consist of carbon 
fibers arranged in a longitudinal direction of the colum 
nar body and the reinforcing fibers of layerS A and Care 
carbon fibers and/or glass fibers arranged at an angle of 
+55 to +65 degrees with respect to the longitudinal 
direction of the columnar body, 

the thickness ratio of the layers A, B and C defined as the 
ratio A:B: C is 0.05 to 0.4:1:0.05 to 0.4. 
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2. A large-sized columnar body made of a fiber reinforced 
plastics material, comprising three layers A, B and C in this 
order, each layer being formed of a fiber reinforced plastics 
material comprising continuous fiber and a resin, 

wherein the reinforcing fibers of layer B consist of carbon 
fibers arranged in a longitudinal direction of the colum 
nar body and the reinforcing fibers of layerS A and C are 
carbon fibers and/or glass fibers arranged at an angle of 
+50 to +70 degrees with respect to the longitudinal 
direction of the columnar body, 

the thickness ratio of the layers A, B and C defined as the 
ratio A:B: C is 0.05 to 0.4:1:0.05 to 0.4. 

3. A large-sized columnar body made of a fiber reinforced 
plastics material, comprising three layers A, B and C in this 
order, each layer being formed of a fiber reinforced plastics 
material comprising continuous fiber and a resin, 

wherein the reinforcing fibers of layer B consist of carbon 
fibers arranged in a longitudinal direction of the colum 
nar body and the reinforcing fibers of layerS A and C are 
carbon fibers and/or glass fibers arranged at an angle of 
+50 to +70 degrees with respect to the longitudinal 
direction of the columnar body, 

the thickness ratio of the layers A, B and C defined as the 
ratio A:B: C is 0.1 to 0.3:1:0.1 to 0.3. 
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4. A large-sized columnar body made of a fiber reinforced 

plastics material according to claim 2, wherein the reinforc 
ing fibers of the layers A and C are carbon fibers. 

5. A large-sized columnar body made of a fiber reinforced 
plastics material according to claim 4, wherein the reinforc 
ing fibers of the layers A, B and C have a weight fraction of 
45 to 85%. 

6. A large-sized columnar body made of a fiber reinforced 
plastics material according to claim 4, wherein the weight 
fraction of the reinforcing fibers of the layers A, B and C is 
55 to 75%. 

7. A large-sized columnar body made of a fiber reinforced 
plastics material, according to any one of claims 1, 2, 3 and 
6, wherein the large-sized columnar body is a mast of a yacht 
or Sailing boat. 

8. A large-sized columnar body made of a fiber reinforced 
plastics material, according to any one of claims 1 and 4-6, 
wherein the carbon fibers of the layer B have a modulus of 
350 GPa or more and the reinforcing fibers of the layers A 
and C are carbon fibers with a modulus of 300 GPa or more. 

9. A large-sized columnar body made of a fiber reinforced 
plastics material according to claim 2, wherein the croSS 
Section is hollow. 


